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Fig. la' 

Rg. lb* 

FIGURE 1 
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FIGURE 4 




Fig. 5c 
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FIGURE 6 
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FIGURE 2 



09/18/2000 185 23:13 page -5- 



5/5 

FIGURE 7 
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55.0189 

A METHOD AND APPARATUS FOR COMPLETING A WELL FOR 
PRODUCING HYDROCARBONS ORIHE UKE 

The iDvestkMi relttet to Oe field of pctibhum service and supply iodiistiies^ and more 
pMtiailirfytecfl m pl eti i i g wd hlb^ 

Wlnfe dcSliiv h taidi^ phoe^ the integrity 

dttt needs to be «i$uMd 10 that the bydcwific pr^^ 

from the fiwpations vMt tmwlttti eouily wiSng danaging the undergrotmd fi)nnith)ps by 
firmduring diem. Whea the drilled depth exceeds a certain value, the presswe UStmot due to 
the ififlferaioe in depth is such tfuu it b no hmger posdUe to fiinmdate a mud capable of 
pexfi>nmiig its fuiKdon over the entile 

is neoessaiy to line the hole with metal casng. For this purpose, a certain aumbcr (^casing 
lubes are placed end to end and lowered down tte well, and are fixed to tb^ 
eemcatii^ Thereate, driffing can continue down to the next ottical dqith. 

Eftch newl3^^riDed length ottm be lined with camg of out 

pass throii^ the casmg that b already in place at diaBowcr depths. As a 

staircase stnicture widi a hole that is Urge at the top of the wdl and much narrower at the 

bottom of the wdL Such a eonfigmration b fitf fiom optimd: a Urge hole at the sufft^ 

that driffing time must be wasted in a non-producthre zone, whereas a narrow hole in the 

uaefid mes does not fim production by good drambig of the formation 

Worse stiQ, it happens that the hole passes through unexpected critical zoM 

botv^ bu readied a critical dqrfh. Such critkal zones may, for eaomple. be veins of very 

fiiabb lodc or >KjQetir of gu which, even thoi^ they are us^ 

majcM^ source ofdanger both for the weO and for the work 

dfounstanceSk tim only sohrtion b often to eement these zones by piittii« casing into pbce 
immeifiatdy. tiiereby finther reducing the size of the bote, wUch can lead to a weQ bciog 
lAiandoned if Birther diflfadt zones are encountered u drilfii^ coiitimM 
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R wffl abo be undentood that ii b vety fifficak to Rpatr dainagd cu^ 
casing, without fimher iigiaficimly redi^ 

pieveating penetntioa of ceitaia toob or items of t/fofaat that mqr be needed in die 
productian zoneil fin- example. 

Over the last few yean, the indujtiy hai developed new technique* of 
conptadng them tempoiarily, » as to BBB^ 
downhole diameter of the well 

Proponis have thus been made to use a canposte materia] c om p riM g an eapaiKta Me cioth 
made of rfass fibers impregnated with wmi»»yn»eri2ed epoocy resin and hanng a nAber 
niembiane covering its outside tice wWch is directed towards the wall the h^ 
appropriate laying tool, the mentane is applied agrinit the writ of the hole or a d 
poition crfeasii* and die lerin is caused to pdymerize by bdi« heated. The mm 
diat tectamiue is d»rt ft requires deetricd poww of die Older of 1000 watts p« 1^ 
thtt BnAing it« appBMtitmto tie«ii« wnesdiat aie lehtwely shoit la 
of V"d»edc material cannot omstilute a final leplaeemem for metal eamg mce d^ 
be capdUe. to paitieuhr, rf wdBtandiiig treatmetts based on iln»g acida or od^ 

that are paxticulariyconoave. 



US Patert 5 34» 095 pioposes makmg easing out of a condnuoua tiAe of dncfflo material 
capable of widMtanding hxge amooBtt of plasde defbnnadon. The inbe b edaiged by a 

corneal tool, and it can optionally be cemented. However, expanaon of die tube b 
«eoi^«ried by a reduction m die total bi«di of d» tube, and dib can give rise to hwAce 

prebUms at dje ends. Fuidieniwrei die pressure reqiriredfoexptwfing the tube a v^ 

OS Paiert 5 366 012 pioposei a perfbrated liner pnwided widi ov«^^ 

A mandrel hawing a hige dbmeter diat b greater dian d» maide «Bm«er of die pierlbrited 

liner b used to eapand dm waB of die Imer and die orifices become hig«. Kber-rtiaf^ 
oemert a» d«en be ottt on eidier side of die finer, and once die cement has set, die inside of 

die finer b bored again, dweby kavidg a casiBg of fibro<emem dial b refaS)^ 

renfbnement The need for «ndier boring after cemeodng constitutes a m^ drawbeek of 
diat techmque. In addition, m die abovwnentioned case, die pressures required fi>r e»^^ 
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the tiibe are quite Iqgli and the final length of the finer is reduced. Fiiially» the ilots mnst be 
pierced m compBaoce vtUh veiy piedse ^ecificationi. which leads to a m a miftduri og cost 
thatisHigh. 

An object of the preMnt invendon is m novei type of expandable casiog diat does not present 
the above^ncotioiied dnwbidcs of the ait 

Aooocdhv to die mvcotioi^ dns object is achieved by a finer fisr o ony l ering a h^ in an 
underground fimnation^ the finer being constituted by a spoil-wound strip of spiral eross- 
sectioiv its lo^gitu&ial edges having compicmentafy toiidnag profiles such that afier 
expanmm the finer is drcular in section. 

To complete a wcD, the spiral tube is lowered to the bottom of the hole end its walls are 
spread by means ofepSacenient tool, e.g.econica] tool, soastoplacetheloflptttdinaledgein 
a toudni^ position where they fi>rai a cyGnder. A closed contimious fimr is thus obtained 
which can be cemented in oonventioiial manner without the cement inva<fiqg the inside of the 
finer, and thus without there being ai^ need to bore insde the casing. It should be observed 
that the sinral-wound easily of the invcniiott b pailiou^ 

hoiimntal or muhMateraL pvca itt smafl ^ameter m its coittiacled state which lends itself 
wdl to beii« insttfled to natrow web or m wdb of tniiectMy that h 
tnufitional casing s^ments. 

TheGnerof the inveotioab also . wcO adapted to provisionaDycompletn^pn>b^ In 

any event the hole mcy optional^ be eolaiged in the diflficult zone and a ifSni finer whose 

diameter after expansion b dose to the ^arneter of the hote bcibre enla^^^ 

put into plaoe and cemented. Thereafter* diflfing can coittinue and On entire 

the aone that hu ahcady been eon^fcted, b subsequendy completed m oonvcad^ 

The qriral easily irf'the invention can abo be used Ibr repaiiii^ casi^ 

nnce the outade Aameter of the sphil easily after expanaiott can be sdected to be « 

very sfigh^ less the inside ^ameterofthe casing that b already in place. 

The spiral-wound str^ preftrably has chamfered loi^tudtnsl edges that define contact 
sur&ces whose general direction ties in a pbne which forms a non-zero aqgie rdative to the 
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longhudinal sds irf'the fififf^ 

to iTOvkb mechanical cngigea^ 

In a mofe particulariy ptdemd variant of the invention, the finer it <*taiMd by raffing up a 
tfrip about an axis that U at a certain angle relative io An ^ 
such cbaimstancc$,vAen the finer b in Ae contracted 
he& ircmd the finder. If Ac period of the hdk b 
figure b obtaiiNd whoae kogA b not akeied by 9;^^ 

The finer of the tnventkm can be wound Icagtfiwbe on t dnaiv 

coiled ttinog. In order to conqtoe ledioni that are of great let^ it b posdde to wdd 
together A phinOi^ of ahecti. cither during nuwuftctoie of the finer^ 
using the ooikd tubing technique, or ebccfirectly on liU. 

The finer of the invention can be made of metal, eg. fteei or any odicr material having the 

desir«l degree* of elastidty and pbstidty. U iho^ 

is selected, and providmg it has not been cemented, then the Itoer of 

optiooaBy be itmoved, thus naldng teo^wraiy pboco^ 

Other detaOs and tdv«rtageoMS chamcterbtics of the im«tion appear fi^ 
description given whh reftfcnce to the figures, in which: 

• Figure I b a iBagrammalic view of s first eniodimem of a finer 

ifier expansion, shown in pewpective (Figures la and lb) and in end view (Tigyres W and 

- Figun 2 shows an expansion tool; 

• Figuie 3 shows an eompte of mechanical engagemert using toothed ^ 
3d) and shows various profiles for such toothed edges; 

• Figure 4 tt t per^ecfive «cw rfa finer to th^ contracted state and ha^ 
with toothed sectioos; 
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* Figure 5 ihows a Gner of tiie mventioo hsviiig longtn>dm>) edges coosdtutmg a double lieGx, 
seen in perspective in the contacted state (Ftgjm 5aX after equnsioD (jTtgm SbX and in 
lon^nidinal section (^giine 5cX 

* Figure 6 shorn an example of temporary completion using a liner of tlM 

* F^m 7 diows a tn»cal sequence fisr omipledra 

* Figure 8 dwws a variam of a finer of the invention that b perforated and fitted with a sand 
screen. 

The concept of the invention is shown in Figure 1. A strip» e.g. a metal strip, is spint-woond 
(Figures la and la*) ^nth overlap over an angle A. After expansioi^ the finer b circular in 
secdcm and its lof^gitudliial edges come into contact to constitute a closed per^>heral fur&ce. 

If the winding firilows an Ardnmedeii' tfini, then writing n for the tUdmess of the strip and 
Dc for the pseudcHfiameter of the spiial-wound strip in the contracted ata^ 
the diameter after expannon b ^ven by the foUoumg ecpiation: 



where A, the overli|> ai^ b ex pr e ss e d in radians, and where the lengths De» and s are 
expressed in the same uiuts. 

With an overlap of 90* u shown in F^gue 1% a finer havii^ an outsde <fiai^^ 

cm (7*^ and a Mdmess fi of 9 J nmi (3/8 of an indi) b coittracted to a fiaoMter Dc of 14.9 m 

(S.Sd^. For an overlap of 180*, the cxpansbn u dose to 5094. 

By wiy of example; the tod for cxpancfiqg the finer rfthe invention can be coostibited by a 
doiAte cone asseml^ytt shown figranmiatically in Figure 2»havi^ lOsuitsUefor 
being fixed to the end of a coiled nibe or of a string of rods, and a second end 11 ofcfiameter 
similar to that of die spind-wound finer in the contncted state, thereby enabfing the spiral- 
wound finer to be pushed to the zone which b to be completed. The expanrion tool abo 
indudes an enlarged zone 12 of outside dtameter dose to the inside diameter of the liner after 
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h ktt beai «pii«Ied. Tl« edaiged a»e « b pref^ 
p« by ftmott conwrf means «w* u hydrttlic pre^ 
of web mem 11 is ttwventiond to pUcement tooU ^ 

111 the v«to of il» inveiuion shown in Rguw 3, the eoiM 

jivtB teeth so «s to fora « nedwricd lock. As can be seen n«)re ptt^^ 

H a toodsBd edge, in this casein edge having three teeth, can provi^ 

It alto be <*sefved ft* tf» tawtednil edges hwe E coitet 

diitt<ioa O •ttomHmsiii^nlitiwtolbeBon^ 
iii^oftbo«t45-, indiaowgtnsnBylyiiwtatl-W W'to «^ 

Other v«i«nt toothed prefflet lie ihinm m Ftgae 3ei Ibe nui^ 

or on the cortniy. decressed, snd it is possible to select profiles that are neaitr to bdag 

s(piire so « to achieve engsgemei* that is doser to bemg of the tenon and 

of the ejtamples shown in FigMi« 3. the toothed edges fWtow a gpneiil 

certab ai«|e idath* to the iwtnrf to the tawtwiinal ax^ 

pie&nfc^y sttdi as to BdiAni» «did fticlioo Ibwea that tend to oppose 

oooplcowtaiy poitioas. Aa Aown in Fw« 3^ the elastic 1^ 

CKpwBBg the spiral-wotind finer cresto radial 6kt^ 

the edges apart TTiu separation Ibfce can be nu«nii«d or even elimin^ 

shipe of die teeth. 

The Ibrees Pa airf Pb whh* aasiit to locUng the finer aicdirertly proport^ 
.Bgle A of the Itoer in the coBtiaeted posMoo. Nevertheless, too 

, r«fisl fiwees so that a bahnee naist be fo«d between the desired eoelil^ 

I and mechamcal loddng. 



The liner is expanded fato the shape of a eooe of dmiensioas th« depend essentia^ 

geometry of the spW^rowid finer and on itt ebstictty. a^ 

angle of the corned expamioo tool. To imh fitoion forces, it may be advan^ 

w expansion tool eooititated by a cone whose apex angle b close to that of the "nann^ 

expanwm cone of the spiral-wound finer. 
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As shofWA more putiailafly in Figure 4, tlie nil of the eqg^geoicnt teeth fonns an ai^ B 
witt the axis of the iptnl-wouiid tube TUs angle B hu an pptfanum value lyiqg between the 
"latund" €aq)8iiSQn cone ai«le of the 1^ 

Flgne 5 ihowa Ae iBMt paitioulaity pnftned 

oblained by RdEiig up t ftnp about an ixb that is at a oer^ wm 
gfimnetiy of the strips In the contiacted positba 

around the Encr. After OTunilnn (t^meSbX the two htfma cohMade and tiia jtmctintt nwm 
winds helicaDy around the Ener. 

A paitkularfy advanti^geouf aspect of dib gMinetsy Ees m 

be perfbnned widioiit eban^ the X kagA of the liner. K as shown hi HgureSc^ the 
"Aaneten^ rfthe finer are written Do and Ik (where ndcx fi 001^^ 
the ooatncted state and index £ to the finer in the •■pmM state), and if the periods of the 
heEcal ourm followed by the loi^itudinal edges are wiT^ 

helix is defined as being the (fistince measured akmg the loi^gitu<finsJ axis of the liner between 
two oofrespoodii^ poinU that are one conq)lete turn apart around the qr^^ 
(or De if die case niqr be)X and if die leqgth of a kM«itD£naI ed^ 
a finer vAoee totd ki«th U X, ft can be shown Aat the kflgth L u 



and that consequently, if the tape is rotted 19 in such a nianner that t;^ «s 
X does not vary. 

WiUi tfab douUe heGx oonfiguritioiw it dnidd also 

finer is rftUclmess W, then the diameter a&er cxpanson is 9^ 




D. A 
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Fmally, aiwthtf comequcooe of tfas geomct^ 

in A plane petpcndkuiar to the axis of the liner during the csqMtfisioo ttage^ If the cods i^the 
double hdbc Encr ut cut perpcoftubrly to the loQgitudind ins. tten ifier caqunsioB these 
eods w9 define perliDCt aides b pfam that lit tbemscl^ 

axis of the Goer. Tins fispoofion is paitkidaily frvoirirfe for cosuriog sealing of the 
OMopbtion it Ae cods of the liner. 

Figuies 6 and 7 are Uglily dia^rifluiiatic and s^ 

wound finer of the aivcatioi|» it hdag undcrAood that these cxamplea are not EnMng in any 
wiy. 

In the exaa^ shown in Figure 6, the s^^wound tube b used fcr oonqdeting a 20oe in 
temporaiy manner. In a wtfl in deep water, the prtto may he 

between the fraccuring gradiem and the pressure of the fonnation. There may ahenstivcly be 
problems associated, for exampk with the presence of formatiotti that are highly unstable 
(clayey rod^ sands, sato. etc) bi depletion zones, or other proUems that are wdl known to 
the person skilled b art The financial consequences of such 2on^ 
pmpoctioa to their lengdi since antidpated completion thereof requires canng to be installed 
on an cxtre occasion, theteby reducing the diameter of the hole. 



The wdl has been drilled and casbg hu been installed b its upper p« 
cwtinued benesth the caw« shoe 2 to pierce a hole 3 that IS 

19 not cased, prior to reaching a lone 4 of length Lz which needs to be treated bunediately 

(Figure 6a). The decision is taken to proceed with tempomy co m pleti o n usbg a Oner of the 

inventbn. A si»nd-wound finer 5 is pushed towards the bottom 

doiAle conical expanaon tool 6 fixed at the end of a tiAe 7. TTie exp^ 

move on (Figure 6b) lo as to ipread apart the waDs of die finer m^ they reach a predefined 

diameter (Figure 6c). Chwc the filler is in pUce (Figure 6^ 

the suffoce and the finer is ceracBled ttah« finer cementfag teefcn^ 

ihown here, the finer is piinAled with opemi«^ 

the finer towards the annJus 9 which is to be cemented, however it is 

shoe could be used. 
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Afttf cxpaaaoi^ the iiiBde diimeter 

bde in zones where there are no drilling proUcms (where necessary, the hc^ cu be eoUrged 
ni the me that lequbes treatnicm hy means of a reamer). Drffliog can to be started egain 
without any need to drfll through a cemented zone, and the entire wdl can be com|»!eted in 
accordance with the original drillsqg pfan^ and without aiiy red u cti on in the (fiameter of tte 
weO. 

It b ckar that additional took such as a centtafizer could be used to GosAiaati^ 
of the tnvcQtioit Abo, the finer is prcfari)ly fitted ^ 

esfilydelbrmed and that is easy to drill (e.g. aknumimX thereby guarinteeiqg that the spial* 
wound liner is properly caqianded over hs emire length. 

A ty|M sequence of usiiv a qnrrf-wottttd finer of die iDveotioa 

reservoir is ihown m Figure 7. Such an opentioo n»y be envisaged, fir cxan^ with 
formations that are unstable or sandy. 

The spiral-wDund finer of the mvention is broi«ht in the co n trac t ed state to a non-cased 

section of the reservoir G%ure 7a) and k is then expanded by means of an cxpansioB tool 

(Figures 7b and 7c). Lite any other pcoductkw finer, die finer of the 

(MTced to allow producdoo fluids to pau thetBthrough, and as shown m F«urel, it is 

preferably covered in a grid whidi may be fixed thereto, e.g. by being weld^ 

to ^ral wining. The |pid is prcfiwably on the outnde &ce of the finer, hcag towards the 

waD. 

It should be observed dial die surftce area of die roDed-up strip remains unaltered durii% 

cxpandOA so wells are not weakened by the spiral-wound finer of the toveniion being put into 

1^ and cxpandel For die same reason, dw ne and fistribudoQ of the openings 

for allowing the pnxkictton fluids to pass can be selected in a manner thai b cndrdy 

independent of die dkmetera in die cootraaed state and in die expanded state; Tfab makes it 

possiUc^ in particutar, to obtun a finer diat b very strong in assodadon w^ 

and longer fife of the well. 
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For » horiaoBtd wdl ■ ipW-womd Bow 
c« be pl«»d v«y elwe to the fciiBtfioi^ ev« in the upper 

ofteaootlheemwiihteoiiwolioBdBiwthrtttine^ 



So Ioi« o it hB i»t been ceowited. . ipatl^M^ 

.pedd tool which lepifrta the loogMiMl «dg» »"» «^ 

rtan to a itele linto to ihrt of iu Wtid cotfiiaed itrte. H wdi withdn^ 

oiily ito tewrf iiwAi cr jw, c« Aoghl be tdaa to 

retdidi« its dtsde pnpenie* over fudi eloiig period of time. 

The geometry of the ipinUwouiid Bncr of the iBvertiw 

production at low COIL For exempte. it is ptwiWe to u»e inrtd ^ 

that ■« wdded together) thit lie pi«*d b • predefined p-teiV e* pui^ 

„dfc« or by a l^ydiirfic pre- h»ni» a pundt The loiwd^ 

eoBdmiousiy 10 as to give them a toothed proffle. «rf grids 1^ 

•ioBg one of the lonptudiad edges before winding into a spird. Fuidly. the itrip may be 

ipW-woiind a«tly and then coilod. other contimioudy or dse iller ^ 



In genenJ. k is prefadOe to pv oiil a finer of the invertion ih)« a led dnee 1^ 
once the section to be complded is loog. and more rdidite since cooneetioM « 
Neverthdes^ it U equdly possible to use linen of ibced hog* and to peife^ 
zone by repeatedly iriadng and expand teoglhs of finer. 
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CLAIMS 

y A Eiw oonipleticig t hde in an iiodeii^^ 

tpiral-wouDd snip, hs kmgitudinil edges having ooB4>ieinentaiy touching profiles audi that 
ate cxpaoaioo the finer tt dfcular ill aecdoa 

2/ A finer aficonfing to daim I, dnracteiiaad in that the longitudinal edges define a contact 

auffiwe of general dfaeccioD 0 hng in ^ plane that fixins n ikmhkio ai^^ relative to the 
loi^gjtucGnai axis of the finer. 

3/ A finer aocordmg to claim 2, charicteriiBd in that said fixi^ 
of the contaa sui&ce lies in the ru^ 30" to 60^. 

4/ A finer aocor£ng to any preoediqg dmm, characsenad b that the touching lonptucfinal 
edges have a sawtooth profile. 

5/ A finer aoeording to any {veoeding daim, characterized m diat the finer is obtained by 

n)IEng up a stiqi alKXit an axis that is at a certam angk relative to the ajoa of 

strip. 

6/ A finer according to any preceding dain^ chanctenxed in that it is provided with openii^gs. 
7/ A finer according to dahn 6, diaracterized in that it is covered in a grid. 
8/ A finer acconfing to daim 7, charKterizfid in that the grid u welded on. 

^ A method of completing a hc4e in an unkiground fimnatioD in i^uch a spiral-wound strip 
is towered down the hole; and the strip is qpeiied untfl a drcular section i^ 
of a oonicd plaoeoieiA tod tor putsii^ .the loits^nidind edges i^ 

10/ A method acoorfing to daim < characterized m that it also tndudes a oeonenting 
operation. 

11/ Hie tise of die method aoconfiag to ddms 9 or 10, for temporsiy completion of zones 
that are depleted or unoonsoEdated. 
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t2/ The uie of the mclbMl tccortfng to dasm 9 or 10. 
13/ The use of the method of daim 9 for Gomp)^ 

14/ A wynm for complctiiig t hole in an imdcrground fbnnatioo, c h a r acte ri zed m that it 
hidttdes t iner acconfiog to any one of datms 1 to S and an expansion tool suhiUe for 
^teying apart the kMig{tudlnal edges und^ 

OdgD to Cdgp 

ly A tod fbr withdianwiiig t finer aocoffdiv to ai9 one of di^ 

means fi>r moving the iongjtiidhwl edges apart by a Amcta greater than the diameter 

con^cidog to a drcular sscdoo and enabling tiie finer to shri^ 

wound OOB^guratkmofa diameter that bsniaDenou^ to enabk the finer to be ex 

the well 
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